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Abstract
In this paper, we introduce the Boston matrix which is a simple, visual way to examine the likely financial performance 
of the product or business portfolio to set up a scientific research funds analysis model. And we redefine the coordinates and 
quadrants of the matrix, according to the actuality of research management in CAS. At last, we use Oracle business 
intelligence analysis tools –Oracle BIEE to develop all the functions corresponding to the design of analysis model and 
make the analysis results visualization based on the data of ARP which is a large scale scientific research management 
information system. With the work and research, we try to put forward some useful advices for decision making and build a 
decision support system at last.
Keywords: scientific research funds analysis; decision support; Boston Matrix;
1. Introduction
With the investment of scientific research grows in China, both the quantities and types of research 
projects have been on a rising trend year by year. The research funds have a great increase too. How to manage, 
use the funds and maximize the scientific research funds economic benefit and social benefit is an important
issue that cannot be ignored in the administration of research processes.
At the same time, with the development of information technology, the research management information 
system plays a more and more important role in administration of research processes and relevant elements by 
research organizations. After years of operation, the information management systems have accumulated a
large amount of data which are about all aspects of administration of research processes, such as the personnel 
data, financial data, equipment data and etc. How to manage the data effectively[1] and maximize the value of 
the data by the combination of advanced management ideas and information technology are another issues that 
the administrators are concerned.
Aimed at these problems in practice, this paper puts forward a method of estimating the efficiency of the 
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research funds. In this approach, we introduce the Boston matrix and redefine the coordinates and quadrants of 
the matrix according to the actuality of research management in CAS. In the practical application, the financial
data abstracted in the Academia Resource Planning (ARP) system of Chinese Academy of Science (CAS) are 
applied to the proposed model and at last we use the BI tools – Oracle BIEE implementing the visualization of 
the model.
1.1 Boston Matrix
Boston matrix, also known as four-quadrant analysis or BCG matrix is an analysis method proposed in the 
1960s by the Boston Consulting Group which is a large consulting firms in the United States. Boston matrix is 
a common analysis method for enterprise product plan or business portfolio, and it can help providing a 
reference when generating future business development strategy. The method proposes that the basic factors 
determine the product mix are generally including market attraction and business strength, so it selects sales 
growth rate and market share of the two indicators to examine. Different combinations of the two indicators can 
be constructed in four product types: type question (Question), namely higher sales growth, low market share 
of products; star-type (Star), namely higher sales growth, compared with high market share of products; Taurus 
type (Cash Cow), namely a lower sales growth, high market share of products; skinny dog type (Dog), namely 
a lower sales growth, low market share rate products[2]. As shown in Figure 1.
Fig.1. Boston matrix
Boston matrix was originally used for classical management theory of enterprise research. As a successful 
management model, it provides very good references in many aspects for research management. But when we 
use the model analyzing the correlation of the factors in the research management, we need to do in-depth 
analyses and make the appropriate adjustment and reform in accord with the particularity of scientific research 
and management activities[3].
1.2 ARP system
The Chinese Academy of Sciences Resource Planning projects (ARP) is the information system 
engineering to realize resource planning for the Chinese Academy of Sciences. The ARP project aims at 
constructing an effective information management and service platform that focuses on the integration and 
optimization of management process of human resources, funds, scientific research conditions et al, by using 
innovative management philosophy and advanced information technology. The project is supposed to be 
scientific project and management oriented, and should be in accord with the Academy-Institute two level 
structure of Chinese Academy of Sciences. The ARP project further promotes the Chinese Academy of 
Sciences management innovation, constantly enhances the management level and efficiency and boosts the 
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scientific and technological innovation.
After the two stages’, nearly 10 years, construction in ARP engineering, it has been set up ten application 
systems and two application platforms in the CAS. Ten application systems include: scientific research 
projects, human resources, comprehensive financial, scientific research conditions, basic construction, CAS and 
local cooperation, international cooperation, intellectual property, assessment evaluation and educational 
resources. Two major application platforms are unified portal and public affairs management platform and 
information resource center.  Figure 2 is the ARP structure.
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Fig.2 The ARP structure
ARP’s ten systems and two platforms have accumulated a large number of data resources about scientific 
research management activities. In order to further mine and use these resources to support scientific research 
management and scientific decision, it’s important to comprehensively utilize the management theory and 
information technology and construct a decision support system.
2. Reform of Boston Matrix
The basic assumption of Boston Matrix is that if the business or product has a high market share in a 
period of relatively rapid growth, it will have higher profits. Generally speaking, the higher the market growth 
rate means better prospects; higher market share means higher competitiveness [4]. Because of the difference 
between the market behavior and research management-- the data our analysis bases on are abstracted from 
ARP system and the objects of analysis are over 100 research institutes of CAS in 23 provincial-level areas 
throughout the country and different disciplines, before use the model analyzing the efficiency of research 
funds, we need to reform the model of Boston Matrix.
In the Boston Matrix, the ordinate is the market growth rate and the abscissa is market share. We redefine 
the coordinates in accord with the particularity of scientific research management activities. In our model, the 
ordinate is the projects funds of an institute in a year and the abscissa is the number of research personnel. If 
take into account the fluctuations in funds acquisition of an institute, we can enlarge the time period, for 
example select a period of five years to analyze. Then we take a statistical value of each coordinate axis as a 
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distinction between high and low points and divide the plot into four quadrants, namely child type, star type, 
Taurus type and dog type, shown in Figure 3. The statistical value to distinguish between high and low of each 
coordinate axis can take the mean, median or other statistical data derived from the reference value.
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Figure 3.The redefined Boston Matrix
The four types in the redefined matrix represent different meanings. And corresponding to different types, 
different management measures are recommended.
a. Child type: fewer researchers, fewer projects, less funding per capita, are child disciplines or child type 
institutes which may need to develop and support;
b. Star type: fewer researchers, more projects, more funding per capita, are star disciplines or star type 
institutes which may need to focus on;
c. Taurus type: more researchers, more projects, more funding per capita, are Taurus disciplines or Taurus 
type institutes which may just need to maintain;
d. Dog type: more researchers, fewer projects, fewer funding per capita, are Dog disciplines or Dog type 
institutes which may just need to downsize.
Considering the Boston matrix does not have a time dimension, we can’t analyze and track the
development trend of a discipline or an institute, so we introduce the time dimension into Boston Matrix, and 
make the following amendments, shown in Figure 4.
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Figure 4.Boston Matrix with develop trends
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Base on the redefined research funds analysis model, we can easily find out the development trends of a 
discipline or a research institute as a starting point to research funding by calculating consecutive years or 
continuous time periods data. For example, in figure 4, A is clearly in expansion trend, while B is in a 
fluctuating state, and the reasons need for further analysis. Here, because of the periodicity in scientific 
research investment and output, we can increase the analysis time span from one year to two years, and for 
some basic disciplines or institutes, the time span can be further increased, thereby enhancing the applicability 
of the analytical model.
Of course, as a way to provide a reference for enterprise marketing, some principles used in Boston matrix 
are not suitable for the scientific research management and activities. For example, there is a law in the Boston 
matrix named "crescent moon", it is meant to be a successful symbol if the various products distributed within 
the business areas the enterprises are engaged in display in a crescent moon ring shape showing that the big 
profit products are more than one; if the scattered distribution of the product structure is displayed, indicating 
that the product structure of the enterprises is not good planned, and the corporate performance will be 
inevitably poor. But this principle does not apply to the research management, because research does not follow 
the laws of the market activity. A lot of basic research requires long-term investments, however the effects are
not necessarily obvious, its effects are long-term, cannot be measured by simple digitals.
On the basis of the Boston Matrix model, we can make the following further analyses of research funds: 
overall funding analysis of an institute or a discipline, horizontal and vertical contrast analyses of funding, 
timing variation analyses of research funding, comparison between funds inputs and outputs. Research funds 
are not separate, they are always related with the personnel, project and etc., so although the analyses in this 
paper is mainly about the research funds, there are other aspects of research management need to be considered 
in the process of research and analysis.
3. Implementation of the Model
3.1 Establishment of Data Logical Model
For the implementation and application of the designed model, we use Oracle's business intelligence 
platform--Oracle Business Intelligence Enterprise Edition (OBIEE) to develop the functions of human-
computer interaction and achieve the visualization of analyses.
Oracle's OBIEE for OLAP analysis presents a comprehensive set of solutions. It provides complete BI 
functionality, including interactive dashboards, full ad hoc proactive intelligence and alerts, enterprise and 
financial reporting, real-time predictive intelligence and off-line analysis. It is for the physical data layer, the 
logical data layer, understanding and defining the presentation layer to create a very simple and clear data 
model, using this data model we can completely connect various heterogeneous data sources across the 
enterprise, so that business intelligence can be truly enterprise-wide deployed and used.
First, we need to build a data warehouse with multidimensional characteristics prior multidimensional 
analysis. The building of a warehouse is beyond the scope of this article, so it is not discussed here.
After the establishment of the data warehouse, we can use the Administration Tool of BIEE constructing 
the multidimensional data model, shown in Figure 5; each unit in the figure represents a physical database table 
or view. The units with their names beginning with ‘TAB’ are fact tables; those beginning with ‘V’ are
dimension tables, and the dimension tables with their names containing of ‘DIM’ are public dimension tables.
Because in the design of management model, the dimensions are mainly about personnel and projects, the 
common dimensions are including:
(1) Age, job attributes, Educational background, qualifications, job attributes and other attributes;
958   Yuanping Chen et al. /  Procedia Computer Science  55 ( 2015 )  953 – 959 
(2)Project structures, mission sources, disciplines, technology fields and etc.
(3)Time dimensions.
And the fact tables include research output, research funds, research personnel, research projects and 
research assets.
Figure 5.logic multidimensional data diagram 
3.2 visualization of analyses
After the design of logical model for multidimensional analysis, we use Interactive Dashboards of BIEE 
implementing the visualization of model. In the dashboard, data analysts can utilize the data model previously 
established to get personalized statistical graphs or tables in any combination of dimensions and cubes.
Here we pick up one management analysis model done beforehand as an example to illustrate. The 
institutes funds allocation, as shown in Figure 6, is just a simple bubble chart, we can see from the chart that the 
allocation of funds of each Institute (bubble size represents the number of funds) if as expected, and the 
relations between the research personnel and funds.
Fig. 6. Institutes funds allocation
4 Conclusions
In this paper, we introduce the classical management theory of Boston Matrix into the research assessment 
system by reforming it in accord with the particularity of scientific research and management activities, and 
then utilize the analysis and modeling tool—Oracle BIEE implementing the functions and the visualization of 
analyses based on a large scale of data accumulated in CAS ARP system. In subsequent work, the method can 
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be applied to analyze and evaluate the other key elements in the administration of research, such as personnel 
growth, the efficiency of research outputs, individual research ability and etc. [5] And the model proposed in 
this paper is a useful explore and try in further developing the benefits of CAS ARP system and support the 
scientific management decision.
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